Kawada T, Turner MJ, Shimizu S, Fukumitsu M, Kamiya A, Sugimachi M. Aortic depressor nerve stimulation does not impede the dynamic characteristics of the carotid sinus baroreflex in normotensive or spontaneously hypertensive rats. Am J Physiol Regul Integr Comp Physiol 312: R787-R796, 2017. First published March 8, 2017 doi:10.1152/ajpregu.00530.2016.-Recent clinical trials in patients with drug-resistant hypertension indicate that electrical activation of the carotid sinus baroreflex can reduce arterial pressure (AP) for more than a year. To examine whether the electrical stimulation from one baroreflex system impedes normal short-term AP regulation via another unstimulated baroreflex system, we electrically stimulated the left aortic depressor nerve (ADN) while estimating the dynamic characteristics of the carotid sinus baroreflex in anesthetized normotensive Wistar-Kyoto (WKY; n ϭ 8) rats and spontaneously hypertensive rats (SHR; n ϭ 7). Isolated carotid sinus regions were perturbed for 20 min using a Gaussian white noise signal with a mean of 120 mmHg for WKY and 160 mmHg for SHR. Tonic ADN stimulation (2 Hz, 10 V, and 0.1-ms pulse width) decreased mean sympathetic nerve activity (73.4 Ϯ 14.0 vs. 51.6 Ϯ 11.3 arbitrary units in WKY, P ϭ 0.012; and 248.7 Ϯ 33.9 vs. 181.1 Ϯ 16.6 arbitrary units in SHR, P ϭ 0.018) and mean AP (90.8 Ϯ 6.6 vs. 81.2 Ϯ 5.4 mmHg in WKY, P ϭ 0.004; and 128.6 Ϯ 9.8 vs. 114.7 Ϯ 10.3 mmHg in SHR, P ϭ 0.009). The slope of dynamic gain in the neural arc transfer function from carotid sinus pressure to sympathetic nerve activity was not different between trials with and without the ADN stimulation (12.55 Ϯ 0.93 vs. 13.03 Ϯ 1.28 dB/ decade in WKY, P ϭ 0.542; and 17.37 Ϯ 1.01 vs. 17.47 Ϯ 1.64 dB/decade in SHR, P ϭ 0.946). These results indicate that the tonic ADN stimulation does not significantly modify the dynamic characteristics of the carotid sinus baroreflex. transfer function; Gaussian white noise; sympathetic nerve activity; arterial pressure THE ARTERIAL BAROREFLEX SYSTEM provides an important negative feedback mechanism to stabilize arterial pressure (AP) against pressure disturbance such as that occurs during postural changes. The significance of the arterial baroreflex in longterm AP control has been somewhat underestimated partly because the arterial baroreflex shows resetting to prevailing AP levels (6). Sinoaortic baroreceptor denervation increases the variation of AP but does not induce a sustained increase in mean AP beyond a few days (7), suggesting the importance of the arterial baroreflex in the short-term stabilization of AP rather than the long-term determination of mean AP. Nevertheless, recent findings indicate that lowering carotid sinus pulsatile pressure can increase AP for a longer period than ever thought before (25) and electrical baroreflex activation can induce a sustained reduction in AP for 3 wk (17). Based on these findings, baroreflex activation therapy, which dates back to the 1960s as a method for pain relief from angina pectoris (5), has received renewed interest as a potential treatment of drug-resistant hypertension (2, 29). During carotid sinus baroreflex activation therapy, carotid sinus baroreceptors are electrically stimulated whereas the aortic baroreceptors sense information on native AP changes. While carotid sinus stimulation (CSS) does not impede but rather restores spontaneous baroreflex control in a canine model of obesity-induced hypertension (11), whether CSS impedes the dynamic characteristics of the unstimulated arterial baroreflex remains unknown.
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The arterial baroreflex system may be analyzed by dividing it into two principal subsystems. One is the neural arc, which quantifies the relationship between baroreceptor input pressure and efferent sympathetic nerve activity (SNA). The other is the peripheral arc, which quantifies the relationship between efferent SNA and AP. We have estimated dynamic characteristics of the neural and peripheral arcs by perturbing isolated carotid sinus baroreceptor regions with a Gaussian white noise (GWN) pressure input (18) . The neural arc reveals derivative characteristics in the frequency range from 0.01 to 1 Hz in rabbits and rats (10, 12, 14) , which compensate for low-pass characteristics of the peripheral arc to achieve quick and stable AP regulation mediated by the carotid sinus baroreflex. Given the presence of interactions between sinoaortic baroreflexes depending on the size of input signals (31), we hypothesized that aortic depressor nerve (ADN) stimulation may impede the dynamic characteristics of the carotid sinus baroreflex. We are aware that the carotid sinus baroreflex is electrically activated and the aortic baroreflex receives native pressure inputs in clinical CSS. However, we reversed the situation because of the technical difficulty in selectively stimulating short carotid sinus nerves in rats and assume that electrical ADN stimulation can mimic the situation of clinical CSS.
The ADN of rats contains myelinated axons (A fiber,~10 -20%) and unmyelinated axons (C fiber,~80 -90%) (1, 9) . Low-voltage (3 V), high-frequency (Ͼ10 Hz) stimulation preferentially activates the A-fiber pathway, whereas high-voltage (18 V), low-frequency (Ͻ10 Hz) stimulation preferentially activates the C-fiber pathway (8) . As the C-fiber pathway plays a dominant role in the sustained inhibitions of SNA and AP (26, 28) , the C-fiber pathway likely contributes to the CSSmediated antihypertensive effect. Hence, we used high-voltage, low-frequency stimulation to examine the effect of the ADN stimulation on the dynamic characteristics of the carotid sinus baroreflex. The experiment was performed on anesthetized normotensive Wistar-Kyoto (WKY) rats and spontaneously hypertensive rats (SHR).
METHODS
Animals were cared for in strict accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals and with the "Guiding Principles for the Care and Use of Animals in the Field of Physiological Sciences" approved by the Physiological Society of Japan. All experimental protocols were reviewed and approved by the Animal Subjects Committee at the National Cerebral and Cardiovascular Center.
Surgical preparation. Male WKY (n ϭ 8) and SHR (n ϭ 7) aged 12-14 wk were used in the present study. Each rat was anesthetized with an intraperitoneal injection (2 ml/kg) of a mixture of urethane (250 mg/ml) and ␣-chloralose (40 mg/ml). Artificial ventilation with oxygen-supplemented room air was performed via a tracheal intubation. A venous catheter was inserted into the right femoral vein for the continuous administration of an 18-fold diluted solution of the above anesthetic mixture (2-3 ml·kg Ϫ1 ·h Ϫ1 ). An arterial catheter was inserted into the right femoral artery to measure AP.
A postganglionic branch of the left splanchnic sympathetic nerve was approached retroperitoneally. A pair of stainless steel wire electrodes (AS633; Cooner Wire) was attached to the nerve using silicone glue (Kwik-Sil; World Precision Instruments) to record SNA. The preamplified nerve signal was band-pass filtered between 150 and 1,000 Hz and then full-wave rectified and low-pass filtered with a cut-off frequency of 30 Hz.
The carotid sinus regions were isolated from the systemic circulation bilaterally (21, 23) and were filled with warmed Ringer solution through catheters inserted into the common carotid arteries. The other ends of the catheters were connected to a servo-controlled piston pump to impose pressure inputs. Bilateral vagal nerves and ADNs were sectioned at the neck to avoid reflexes from the cardiopulmonary region and aortic arch. A pair of stainless steel wire electrodes (AS633) was attached to the sectioned left ADN for afferent fiber stimulation. The electrodes and the nerve were insulated by silicone glue (Kwik Sil). The electrical stimulation of the ADN was performed through an isolator from an electric stimulator (SEN-7203; Nihon Kohden).
Protocols. An anesthetized in situ preparation of the carotid bifurcation was used. After the surgical preparation was completed, a stabilization period of more than 30 min was allowed before the data acquisition. To estimate open-loop dynamic characteristics of the carotid sinus baroreflex, carotid sinus pressure (CSP) was perturbed with a GWN signal with a SD of 20 mmHg for 20 min. The mean level of GWN was set at 120 mmHg for WKY and 160 mmHg for SHR according to a previous study (13) . The switching interval of the signal was set at 500 ms, which allowed estimation of the transfer function up to~1 Hz. The CSP perturbation trial was performed with or without a tonic ADN stimulation. The stimulation voltage was set at 10 V, which is sufficiently high to activate both A-and C-fiber axons. However, the stimulation frequency was set at 2 Hz to induce primarily the C-fiber baroreflex (8) . The pulse width was set at 0.1 ms. The order of the trials with or without the ADN stimulation was randomized among animals. At the end of the experiment, the ganglionic blocker hexamethonium bromide (60 mg/kg) was administered intravenously to determine the noise level of SNA.
Data analysis. Data were stored at 200 Hz through a 16-bit analog-to-digital converter [ADA16-8/2(CB)L; Contec] using a custom-made software. Data were analyzed beginning at 5 min after the onset of the CSP perturbation. To estimate the neural arc transfer function, CSP and SNA were treated as the input and the output of the system, respectively. To estimate the peripheral arc transfer function, SNA and AP were the input and the output of the system, respectively. To estimate the total reflex arc transfer function, CSP and AP were the input and the output of the system, respectively.
The input-output data pairs were resampled at 10 Hz and were divided into 12 half-overlapping segments of 1,024 data points each. In each segment, after the removal of the linear trend and application of a Hanning window, the frequency spectra of the input [ 
The magnitude-squared coherence function [Coh(f)] was also calculated from the following equation (4) .
The coherence function [Coh(f)], which ranges from zero to unity, is a measure of linear dependence between the input and the output in the frequency domain. To help intuitive understanding of the estimated dynamic characteristics, the step response corresponding to the transfer function was obtained from the time integral of the inverse Fourier transform of the estimated transfer function.
SNA was normalized in each animal and presented in arbitrary units (AU) because the absolute amplitude of SNA varied among animals depending on the recording conditions. The noise level measured after the ganglionic blockade was subtracted, and then a normalization factor of SNA was determined so that the mean dynamic gain in frequencies Ͻ0.03 Hz became unity in the neural arc transfer function obtained in the trial without the ADN stimulation. The same normalization factor was applied to the neural arc transfer function obtained in the trial with the ADN stimulation. An inverse of the normalization factor was applied to the peripheral arc transfer functions.
Statistical analysis. All data are presented as means Ϯ SE values. Several parameters were arbitrary selected to compare the transfer functions and step responses as follows. For the neural arc, the dynamic gain values at 0.01, 0.1, and 1 Hz (G 0.01, G0.1, and G1) were used to represent the transfer function. The slope of dynamic gain (Gslope) was estimated by linear regression between the logarithm of frequency and the logarithm of dynamic gain in the frequency range from 0.1 to 1 Hz and was expressed in decibel (dB) per decade. For the step response of the neural arc, the negative peak response (Speak), time to the negative peak (Tpeak), and the step response at 10 s (S10) were calculated. For the peripheral arc and the total reflex arc, the dynamic gain values at 0.01, 0.1, and 0.5 Hz (G0.01, G0.1, and G0.5) were used to represent the transfer function. Gslope was estimated in the frequency range from 0.05 to 0.5 Hz. For the step responses of the peripheral arc and the total reflex arc, the initial slope (Sslope) and the steady-state response at 50 s (S50) were calculated. The speed of the step response was assessed by Sslope/S50. The comparison was performed using a paired t-test between trials with and without the ADN stimulation separately for the WKY and SHR groups because the comparison of dynamic baroreflex characteristics between WKY and SHR, which was done in a previous study (13) , was outside the primary purpose of the present study.
To help consider possible plasticity of the arterial baroreflex, an additional analysis was performed. Data during the 20-min GWN input were divided into four consecutive 5-min bins (the first bin was not used for the transfer function analysis described above), and mean SNA and AP in each bin were calculated. For each bin, differences in mean AP and mean SNA between the trials with and without the ADN stimulation were designated as ⌬AP and ⌬SNA, respectively. Changes in mean AP and SNA across the four bins in the trial without the ADN stimulation were examined using one-way repeated-measures ANOVA followed by the Dunnett's test against the values in bin 1. Likewise, changes in ⌬AP and ⌬SNA were examined against the values in bin 1. In all the statistical analyses, the difference was considered significant at P Ͻ 0.05. Fig. 1, left) , the ADN stimulation reduced the mean levels of AP and SNA and attenuated their variations ( Fig. 1, middle) . Cessation of the external control reduced CSP to~80 mmHg in this animal ( Fig. 1, right) , which resulted in an increase in AP compared with AP values during the CSP perturbation trials. The intravenous administration of hexamethonium bromide reduced SNA to the noise level, which was 0 AU by definition. Pooled data from the WKY group indicated that the trial with the ADN stimulation resulted in lower mean AP (90.8 Ϯ 6.6 vs. 81.2 Ϯ 5.4 mmHg, P ϭ 0.004) and lower mean SNA (73.4 Ϯ 14.0 to 51.6 Ϯ 11.3 AU, P ϭ 0.012) for the period of the transfer function analysis compared with the trial without the ADN stimulation. Figure 2 illustrates transfer functions and step responses obtained from the trial with (black lines) or without (gray lines) the ADN stimulation averaged for the WKY group. In the neural arc transfer function (Fig. 2, left) , dynamic gain increased with increasing frequency, which is referred to as derivative characteristics. The phase approached -radians at the lowest frequency, reflecting the negative feedback operation via the vasomotor center. Coherence was~0.5 at the lowest frequency and increased slightly between 0.1 and 1 Hz. The dynamic gain was slightly lower during the ADN stimulation, with significantly lower values in G 0.1 and G 1 ( Table 1) . The derivative characteristics were, however, maintained during the ADN stimulation, as supported by no significant change in G slope . The step response of the neural arc showed a negative peak. While S peak was attenuated during the ADN stimulation, T peak did not change significantly (Table 1) .
RESULTS

Dynamic characteristics of carotid sinus baroreflex in WKY group.
In the peripheral arc transfer function of the WKY group (Fig. 2, middle) , dynamic gain decreased with increasing frequency above~0.04 Hz, which is referred to as low-pass characteristics. The phase approached zero radians at the lowest frequency, reflecting the fact that an increase in SNA increases AP at the steady-state response. Coherence was Ͼ0.6 in the frequency range up to~0.6 Hz. The peripheral arc transfer function and corresponding step response did not differ between trials with and without the ADN stimulation, and there were no significant changes in the parameter values (Table 1) .
In the transfer function of the total reflex arc obtained in the WKY group (Fig. 2, right) , dynamic gain decreased with increasing frequency above~0.04 Hz. The phase approached Ϫ radians at the lowest frequency, indicating the fact that an increase in CSP decreases AP at the steady-state response. Coherence was~0.5 in the frequency range up to~0.6 Hz. The dynamic gain was slightly lower during the ADN stimulation, with significant lower values in G 0.01 and G 0.1 (Table 1) . The low-pass characteristics hardly changed during the ADN stimulation, as supported by no significant change in G slope . In the step response of the total reflex arc, S slope and S 50 were significantly less negative during the trial with the ADN stimulation than without. The speed of the AP response, as assessed by S slope /S 50 , however, did not differ between trials with and without the ADN stimulation (Table 1) .
Dynamic characteristics of carotid sinus baroreflex in SHR group. Figure 3 depicts a typical time series obtained from one SHR. CSP was changed dynamically according to a GWN signal with a mean of 160 mmHg. Compared with the trial without the ADN stimulation (Fig. 3, left) , the ADN stimulation reduced the mean levels of AP and SNA (Fig. 3, middle) . The reduction of CSP to 60 mmHg at the end of the experiment (Fig. 3, right) resulted in a significant increase in AP compared with AP values during the CSP perturbation trials. The intravenous administration of hexamethonium bromide reduced SNA to the noise level. Pooled data from the SHR group indicated that the trial with the ADN stimulation showed lower mean AP (128.6 Ϯ 9.8 vs. 114.7 Ϯ 10.3 mmHg, P ϭ 0.009) and lower mean SNA (248.7 Ϯ 33.9 to 181.1 Ϯ 16.6 AU, P ϭ 0.018) than the trial without the ADN stimulation when compared for the period of the transfer function analysis. Figure 4 illustrates transfer functions and step responses obtained from the trial with (black lines) or without (gray lines) the ADN stimulation averaged for the SHR group. The neural arc transfer function revealed derivative characteristics (Fig. 4 , left). While the mean gain plot showed a tendency of downward shift during the ADN stimulation, changes in the gain values at selected frequencies were not statistically significant possibly due to the large variation of data (Table 2 ). There were no significant differences in the parameter values of the neural arc step response between the trials with and without the ADN stimulation. The peripheral arc transfer function revealed low-pass characteristics (Fig. 4, middle) . None of the parameters of the peripheral arc transfer function or the step response differed between the trials with and without the ADN stimulation ( Table 2 ). The transfer function of the total reflex arc revealed a decreased gain with increasing frequency (Fig. 4,  right) . The dynamic gain showed large variations across frequencies and among animals. Although the mean step response tended to be attenuated, there was no statistically significant change in S 50 (Table 2) . S slope was significantly less negative during the ADN stimulation, but S slope /S 50 did not change significantly between trials with and without the ADN stimulation.
Mean AP and SNA calculated for four consecutive 5-min bins during the GWN input are shown in Table 3 . In WKY, the mean AP in the trial without the ADN stimulation did not change significantly among the four bins. While the ⌬AP seemed less negative at bin 3 than at bin 1, the difference was not statistically significant, possibly because time-dependent changes were not consistent among animals. The mean SNA was significantly higher at bin 4 than at bin 1. The ⌬SNA did not differ significantly among the four bins. In SHR, the mean AP in the trial without the ADN stimulation did not change significantly among the four bins. The ⌬AP was less negative at bin 4 than at bin 1. The mean SNA was significantly higher at bins 3 and 4 than at bin 1. The ⌬SNA did not differ significantly among the four bins.
DISCUSSION
The present study examined the effect of tonic C-fiber stimulation of the ADN on the dynamic characteristics of the carotid sinus baroreflex. The major finding is that despite the significant hypotensive effect, the ADN stimulation hardly impedes the dynamic characteristics of the carotid sinus baroreflex in either WKY or SHR.
Effects of ADN stimulation on dynamic characteristics of carotid sinus baroreflex. The peripheral arc transfer function from SNA to AP was not changed significantly by the ADN stimulation in WKY (Fig. 2, middle) or SHR (Fig. 4, middle) , despite the significant reductions of mean SNA and mean AP. The results are in line with a previous study that examined the operating-point dependence of the dynamic baroreflex characteristics, in which an increase in mean CSP did not significantly affect the peripheral arc transfer function regardless of the reductions of mean SNA and mean AP (15) . A possible reason for the relative insensitivity of the peripheral arc transfer function to the operating point is an approximately linear static input-output relationship between SNA and AP in WKY (30) and SHR (20) . As long as the operating point is within the linear input-output range, a difference in the operating point may not significantly affect the peripheral arc transfer function. Hence, changes in the dynamic characteristics of the total reflex arc, if any, are mainly attributable to changes in the dynamic characteristics of the neural arc in the present study.
In WKY, the ADN stimulation slightly but significantly attenuated the dynamic gain of the neural arc, which was also reflected in the reduction of the dynamic gain of the total reflex arc. In contrast to the approximately linear relationship of the peripheral arc, the static input-output relationship of the neural arc reveals sigmoidal nonlinearity between CSP and SNA (12, 14, 30) . In the present study, the mean CSP was set at 120 mmHg, which is close to the midpoint or the steepest portion of the sigmoidal nonlinearity in WKY. Hence, the dynamic gain of the neural arc is expected to be near maximum as far as the mean CSP is concerned. However, the SD of the GWN was set at 20 mmHg, which means that CSP exceeded 150 mmHg (means Ϯ 1.5 SD) in 6.7% of the time duration. Owing to the derivative characteristics of the neural arc, these high CSP inputs silenced SNA even without the ADN stimulation (Fig. 1,  left) . Although the ADN stimulation cannot affect the afferent signal from the carotid sinus baroreceptors directly, it reduced the mean SNA and increased the chance of silencing SNA (Fig.  1, middle) . As the signal through the neural arc is truncated during the silencing of SNA, the dynamic gain of the neural arc may be attenuated during the ADN stimulation. The results may indicate an occlusive summation or an inhibitory interaction between the carotid sinus and aortic baroreflex central pathways during high CSP inputs. The results, however, would not conflict with a previous study indicating that the summation of sinoaortic baroreflexes could be regarded as simple additive when the CSP inputs are limited around the midpoint of the physiological operating range (31). Values are means Ϯ SE; n ϭ 8. ADNS, aortic depressor nerve stimulation; WKY, Wistar-Kyoto rats; AU, arbitrary units; G0.01, G0.1, G0.5, and G1, dynamic gain values at 0.01, 0.1, 0.5, and 1 Hz, respectively; Gslope, slope of dynamic gain; Speak and Tpeak, negative peak response and time to the negative peak in the neural arc step response; S10, step response at 10 s; Sslope, initial slope of the step response. S50, step response at 50 s; Sslope/S50, the ratio of Sslope to S50. P values were obtained by paired t-test.
In SHR, the ADN stimulation did not significantly affect the dynamic gain of the neural arc (Fig. 4, left) , although mean of the gain plot showed a tendency of downward shift similar to that observed in WKY. The mean CSP was set at 160 mmHg, which is close to the midpoint of the sigmoidal nonlinearity between CSP and SNA in SHR (20) . As the SD was set at 20 mmHg, CSP exceeded 190 mmHg in 6.7% of the time duration. In contrast to the case with WKY, however, these high CSP inputs silenced SNA in neither trial with or without the ADN stimulation (Fig. 3) . There was a substantial margin for further sympathetic inhibition in SHR. Hence, it is likely that the ADN stimulation does not significantly affect the dynamic signal transduction from CSP to SNA via the mechanism of increasing the silencing period of SNA. The results are consistent with the static characteristics of the neural arc examined in a previous study, in which the percent minimum SNA attained by the maximum carotid sinus baroreflex activation is higher in SHR (~30%) than in WKY (~10%) (20) .
A-and C-fiber baroreflex pathways have significant interactions as will be discussed in Differences in A-and C-fiber baroreceptor pathways. We therefore hypothesized that the C-fiber stimulation from the ADN would impede dynamic characteristics of the carotid sinus baroreflex. However, the tonic ADN stimulation did not affect the derivative characteristics of the neural arc as assessed by G slope in WKY or SHR. The speed of AP response in the total baroreflex arc assessed by S slope /S 50 was unchanged between the trials with and without the ADN stimulation. Hence, the ADN stimulation reduced mean AP without changing the dynamic characteristics of the carotid sinus baroreflex. In the present study, we used a GWN signal as an input for the CSP perturbation because it allows identification of linear dynamic characteristics even in the presence of significant noise contamination (18) . The GWN input is also robust against the presence of some type of nonlinearity in the system. As an example, if a given system is a cascade of a dynamic linear subsystem followed by a static nonlinear subsystem, the shape of the static nonlinear system alone does not affect the estimation of the overall system linear dynamics except for a factor of proportionality in theory (3). While there is room for argument whether the results would be the same for different types of input signals, the GWN input may be the most rigorous test of the system dynamic characteristics.
Differences in A-and C-fiber baroreceptor pathways. There are distinct differences in A-fiber and C-fiber baroreflex pathways. C-fiber axons require higher voltage for activation compared with A-fiber axons. In addition, the C-fiber pathway can induce hypotensive effect at a frequency as low as 1 Hz, but the A-fiber pathway does not significantly contribute to hypotension in the frequency range Ͻ10 Hz (8) . Considering the large proportion of C-fiber axons (80 -90%) in the ADN (1, 9) , it may be argued that the frequency required for the hypotensive effect is merely the reflection of the total number of axonal discharge per time, i.e., 10 times higher frequency would be required for the A-fiber pathway compared with the C-fiber pathway to evoke the comparable hypotensive effect. According to the study by Fan et al. (8) , however, the hypotensive effect induced by C-fiber stimulation alone reaches the plateau at~10 Hz, and increasing the frequency of C-fiber stimulation above 10 Hz does not further decrease AP. In contrast, the simultaneous A-and C-fiber stimulation can induce further depression of AP between 50 and 200 Hz, suggesting that the contribution of the A-fiber pathway cannot be explained by merely the total number of axonal discharge per time. The maximal hypotensive effect attained by A-and C-fiber stimulation was, however, modestly greater than the maximal hypotensive effect attained by the selective stimulation of the either fiber type, indicating the presence of an occlusive summation in the hypotensive effects between the A-and C-fiber pathways (8) .
As mentioned in the introduction, the derivative characteristics of the neural arc, i.e., increasing dynamic gain with frequency, such as those shown in Figs. 1 and 3 , left, are important for the baroreflex-mediated short-term AP regulation (10) . Although the derivative characteristics are partly ascribed to the dynamic transduction properties of the baroreceptors (16, 22) , the central pathway from baroreceptor afferent signal to efferent SNA also contributes to the generation of the derivative characteristics. In a previous study, the A-fiber central pathway reveals stronger derivative characteristics than the C-fiber central pathway (28) . Conversely, the C-fiber pathway contributes more to sustained decreases in SNA and AP than the A-fiber pathway. The relative contribution of A-and C-fiber pathways should differ depending on the level of baroreceptor input pressure because C-fiber baroreceptors have high-threshold and low-firing frequency characteristics compared with A-fiber baroreceptors (24) . Near the midpoint pressure of the sigmoid curve of the neural arc, i.e., around the normal operating pressure, A-fiber baroreceptors are capable of regulating AP in the absence of C-fiber contribution, at least in the time window of 10 min (27) . In the present study, high CSP inputs above the normal operating pressure occurred during the GWN-based pressure perturbation; therefore, both A-and C-fiber baroreceptors probably contribute to the generation of the dynamic characteristics of the carotid sinus baroreflex neural arc. Hence, not only the interaction between A-fiber (carotid sinus) and C-fiber (ADN stimulation) but also the interaction between C-fiber (carotid sinus) and C-fiber (ADN stimulation) needs to be considered to interpret the observed changes in the neural arc transfer function.
Limitations. First, because we performed the experiment under anesthetized rats, the results are not directly extendable to human hypertension. Moreover, we examined dynamic characteristics of the carotid sinus baroreflex while electrically stimulating the sectioned ADN, which is different from clinical CSS where the carotid sinus baroreflex is electrically activated while the aortic baroreceptors receive AP inputs. Nevertheless, we think the study design helped comprehensive understanding of interactions between the two baroreflex systems.
Second, the hypotensive effect attained by the ADN stimulation was statistically significant but relatively small in magnitude. This may be because the perturbation with GWN alone has a significant hypotensive effect, as shown in a previous study (19) . When we analyzed previously obtained data, mean AP during the GWN input (the mean of 120 mmHg and the SD of 20 mmHg) was significantly lower than that during a static input at 120 mmHg (95.2 Ϯ 8.6 vs. 107.3 Ϯ 11.6 mmHg, n ϭ 8, P ϭ 0.010). Such a hypotensive effect induced by the GWN input might have partly masked the hypotensive effect attained by the ADN stimulation. In addition, ⌬AP induced by the ADN stimulation showed a tendency of becoming less negative with time elapsed, although ⌬SNA remained unchanged (Table 3) . Untested mechanisms such as the reduction of pressure diuresis during prolonged hypotension might have contributed to the gradual recovery of mean AP.
Third, the effect of ADN stimulation was only examined in an acute experimental setting. Although a constant mode of stimulation was used in the present study, ⌬SNA did not show apparent change over time in WKY or SHR (Table 3) , probably owing to a preferential stimulation of C-fiber baroreceptors. When low-intensity stimulation is used, a bust mode of stimulation may increase the hypotensive effect induced by ADN stimulation (8) . Further study is required to identify the long-term effect of the ADN stimulation on dynamic characteristics of the carotid sinus baroreflex.
Finally, the vagi were sectioned to allow open-loop analysis of the carotid sinus baroreflex. As a result, the effect of the ADN stimulation on any cardiovascular control through the vagal system was not identified in the present study.
Perspectives and Significance
Although the role of the arterial baroreflex system in longterm AP control has been somewhat disregarded, recent clinical trials demonstrate that CSS can exert a long-term antihypertensive effect in patients with drug-resistant hypertension. The present results indicate that the tonic ADN stimulation does not significantly modify the dynamic characteristics of the Values are means Ϯ SE; n ϭ 7. ADNS, aortic depressor nerve stimulation; SHR, spontaneously hypertensive rats; G0.01, G0.1, G0.5, and G1, dynamic gain values at 0.01, 0.1, 0.5, and 1 Hz, respectively; Gslope, slope of dynamic gain; Speak and Tpeak, negative peak response and time to the negative peak in the neural arc step response; S10, step response at 10 s; Sslope, initial slope of the step response; S50, step response at 50 s; Sslope/S50, the ratio of Sslope to S50. P values were obtained by paired t-test. Values are means Ϯ SE. Data were obtained from Wistar-Kyoto (WKY) and spontaneously hypertensive rats (SHR). AP, arterial pressure; SNA, sympathetic nerve activity; ADNS, aortic depressor nerve stimulation; ⌬AP and ⌬SNA, differences in mean AP and mean SNA between trials with and without ADNS. *P Ͻ 0.05; **P Ͻ 0.01, against the value in bin 1 by repeated-measures ANOVA followed by the Dunnett's test. carotid baroreflex. Hence, an impact of the interaction between stimulated and unstimulated arterial baroreflexes during CSS on the normal short-term baroreflex regulation of AP is not likely to be large. In other words, the normal short-term baroreflex regulation of AP is likely preserved during CSS in hypertensive patients. In the present study, it was examined whether the electrical stimulation from one baroreflex system impedes normal short-term AP regulation from another unstimulated baroreflex system. When the arterial baroreflex is electrically activated, there could be interactions within the stimulated baroreflex system. In CSS, the carotid sinus afferent fibers would be activated by both native pressure inputs and electrical stimulation. Future research is required to uncover the interactions within the stimulated baroreflex system. Understanding the interactions between native pressure inputs and electrical stimulation in activating the arterial baroreflex system may help identify reasons why there are responders and nonresponders to CSS. 
